
 

 

INTR
fMRI 
2002 a
in the 
in the 
evalua
 
METH
mg/kg 
were ty
perform
bars. A
imagin
single 
BOLD
stimula
 
RESU
pupil 
ciliary
withou
and fu
were m
were f
analys
the wh

and ph
localiz
retina 
retina
 
DISC
BOLD
11.7 
signal
resolu
and th
signal
of cor
noise,
perfor
activa
% cha
level 
demon
detect

In
retina 
imagin
studyi
diabet
that ar
 
Refere
Duong
(2009)
 

1Research I

RODUCTION B
responses in the

at a spatial resol
rat retina has ye
rat retina at 110

ate functional ch

HODS Male Sprag
first dose, 1 mg/k

ypically acquired w
med on an 11.7-Te
A custom-made sm
ng with inversion r
500 µm thick slic

D fMRI analysis em
ation periods were

ULTS Figure 1 
was dilated and

y muscles were 
ut re-shimming. 
unctional MRI im
markedly reduce
free of “correlat
sis protocols. W
hole-retina ROI 

Figure 2 sh
henylnephrine e
zed to the retina
was 5.0 ± 0.8 %

. The group-aver

USSION This s
D fMRI of visu
T at 110x110x

l-to-noise ratio
ution. Inversion 
hus avoids cont
ls. To verify tha
rrelation artifact
 the same fM

rmed without vi
ated pixels were 
anges of the wh
when no visu

nstrating that th
ted by BOLD fM
n conclusion, d
has the potenti

ng techniques 
ing retinal func
tic retinopathy, g
re widely availab

ences 1. Cheng 
g et al, IOVS 43, 1
.  4.  Cheng & Du

Imaging Institute, 

BOLD fMRI has
e retina remain 
lution of 485x48
et to be demonst
0x110x1000 mic

hanges in the rat 

gue Dawley rats (2
kg/hr, ip) (1,3). Vi
with 10 epochs of 
esla/16-cm magne
mall circular surfa
recovery contrast 
ce. Vitreous signa
mployed cross-corr
e analyzed. Percent

shows the anatom
d remained dilat
consistently dete
After eye drop 

mages showed th
ed or eliminated
ion noises,” fMR
ithout visual stim
were 0.08 ± 0.34

hows the BOLD 
eye drops and op
a without activat
% (mean ± SD, n
rage percent cha

study demonstra
ual stimulation o
x1000 μm. Hig
, BOLD con
recovery allow

tamination by, t
t activated pixel
ts from physiolo

MRI protocols a
isual stimulation
detected at the s

hole-retina ROI 
ual stimulations
e visual activati

MRI is genuine.  
depth-resolved B
ial to compleme
and should hav
ction in diseas
glaucoma, and r
ble in rodent mo

et al., PNAS 10
176 (2002).  3. Li 
ong, Opt Lett 32, 2

BO
Bryan H DeLaG

Ophthalmology/R

s revealed layer-
very challenging

85x2000 micron
rated. In this stu
crons. Visual sti
retinas where m

200-300g) were an
sual stimulus (full

f (60s OFF and 30s
t and a 77G/cm BG
ace coil (ID~7 mm
using TR = 3 s, T
l was suppressed 
relation analysis. I
t changes were tab

mical images of 
ed at the end of
ected (data not s
application, acti
hat the pupils an

d after the applic
RI data were com
mulation, no sig
4% (mean ± SD
fMRI activation

ptimized shimmi
ted pixels in the
n = 12 repeats o
anges from the w

ates high-resolut
on the rat retina
gh field impro
trast and spa

ws suppression 
the strong vitreo
ls were not a res
ogical or electro
and analysis w
n. No significan
same threshold a
were within no

s were present
ion on the retina

BOLD fMRI of 
ent existing opti
ve applications 
se states, such 
retinal degenerat
odels.  

3, 17525 (2006)
et al., IOVS 50, 1
2188 (2007). 

 

Figure 2
a rat retin

OLD fMRI of
Garza1, Eric R Muir
Radiology, Univ of 

specific changes
g. The only repo
s (2). Rat is a w

udy, we describe
imuli employed 

many retinal disea

nesthetized with 0
l field) was 8 Hz f
s ON) followed by
GA9S gradient ins
m) was placed on

TE = 13 ms, TI = 1
using inversion re

In addition, the ret
bulated for active p

f an animal witho
f the MRI exper
shown). The ani
vated pixels in t
nd ciliary muscle
cations of the ey
mpared with and

gnificantly activa
, n = 6 trials on 5

n map and the co
ing to minimize
e pupils and cili
n 6 rats, P < 0.0

whole-retina ROI

tion 
a at 
ves 

atial 
of, 

ous 
sult 

onic 
were 
ntly 
and 
oise 
ted, 
a as 

the 
ical 

in 
as 

tion 

. 2. 
824 2. BOLD fMRI ma

na at 11.7T.  

f Rat Retina at
r1, William E Rog

f Texas Health Scie
 

s associated with
ort of BOLD fM

widely used anim
d the challenges
diffuse achroma

ase models are r

.9~1.0% isofluran
flickering achroma
y 60s OFF, or 5 ep
sert (Bruker, Bille
n the left eye. BO
1.3 s, spectral wid
ecovery. Images w
tina was linearized
pixels on the retina

out eye drops an
riments. Before 
imal was slide o
the ciliary muscl
es moved in cor

ye drops (data no
d without visual 
ated pixels were 
5 rats), not statis
orresponding tim
e signal dropout 
iary muscles. Th
05 compared wit
I was 3.1 ± 1.1 %

ap overlaid on EPI

t 11.7 Tesla 
gers1, and Timothy
ence Center at San

h gas challenges
MRI of visual sti
mal model for ret
s and solutions f
atic light flicker

readily available

ne, mechanically v
atic light delivered
pochs of (60s OFF
erica, MA). Rats w
OLD fMRI were a
dth = 200 kHz, ma
were corrected for
d and aligned (4). P
a and ROI of the e

nd one with eye d
eye drop applic

out of the scanne
les were elimina
rrelation with sti
ot shown). As n
l stimulation on 
 detected at the 
stically different
me course of a re

and distortion o
he group-averag
th baseline). Dat
% (±SD, n=12 re

 

I and signal time c

y Q Duong1 
n Antonio, San Ant

s rat retina (1). D
imulation (driftin
tinal research. B
for performing B
ring at 8 Hz. Th
. 

ventilated, and para
d via an optical fib

F and 30s ON) foll
were placed in a he
acquired using sin
atrix = 90x90, FO
r potential motion 
Profiles across the

entire retina. Repor

drops. The ciliar
cation, activated
er and eye drop

ated. Moreover, t
imulus onset bef
negative controls
the same anima
same statistical 

t from baseline (
epresentative an
of the EPI. Activ
ged percent chan
ta were also ana
epeats on 6 rats, 

Figure 1
eye bef
(atropine
same an
pupil wa
muscles, 
muscles t
were pull

ourse of visual stim

tonio, TX, United S

Detecting visuall
ng gratings) wa

BOLD fMRI of v
BOLD fMRI of v
his approach pro

alyzed with pancu
ber with a diffuser
lowed by 60s OFF
ead holder consisti
ngle-shot gradient
V = 10x10 mm (1
and drift before a

e retinal thickness 
rted values were in

ry muscles were 
d pixels in the r
s were applied a
time-series mov
fore eye drops; t
s to confirm that
ls using identica
threshold and B

(P > 0.05).  
imal with applic
vated pixels wer
nges from activa
alyzed using an R
P < 0.05 from b

1. Anatomical ima
fore and after 
 and phenylnephr

nimal. With eye 
as dilated and 

a ring of striat
that controls accom
led back. 

 
mulation of 

States 

ly evoked BOLD
as on cat retina i
visual stimulatio
visual stimulatio
vides a means t

uronium bromide (
r. MRI acquisition

F. MRI studies wer
ing of ear and toot
t-echo, echo-plana
110x110 µm) and 
additional analysis
of the baseline an

n mean ± SD.   

pulled back. Th
retinas and in th
and slide back i

vies of anatomica
these movement
t activated pixel
al acquisition an
BOLD changes o

cation of atropin
re predominantl
ated pixels in th
ROI of the entir

baseline). 

ages of the 
eye drops 
rine) in the 
drops, the 
the ciliary 
ted smooth 
mmodation, 

D 
n 
n 
n 
o 

3 
ns 
re 
th 
ar 
a 
s. 

nd 

he 
he 
n 
al 
ts 
ls 
d 

of 

ne 
y 

he 
re 

2183Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


